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Despite strong evidence linking sleep to developmental outcomes, the longitudinal
relationship between sleep and emotional well-being remains largely unknown. To
address this gap in our knowledge, the current study examined sleep in infancy, measured
via actigraphy, as a predictor of social-emotional problems in toddlers. A total of 47 chil-
dren (29 males) were included in this longitudinal study. At time one, actigraphy measures
of sleep were obtained from 3- to 4-month-old infants. At time two, parents rated their
18- to 24-month-old toddler’s social-emotional well-being using the Brief Infant Toddler
Social Emotional Assessment. Results indicated that boys tended to have higher levels of
externalizing behaviors than did girls. Additionally, boys with longer sleep durations also
showed lower sleep efficiency. In girls, sleep duration in infancy was a significant predictor
of autism spectrum disorder behaviors and approached significance as a predictor of
externalizing problems in toddlerhood. Our findings are the first to show a relationship
between sleep measured in infancy and autism spectrum disorder symptomatology
measured in early childhood. They suggest that the etiology of social-emotional problems
may differ between genders and raise the possibility that sleep/wake cycles may be
differentially related to autism spectrum disorder symptoms in girls and boys.
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Introduction
Newborns spend the majority of their time asleep and undergo significant changes in their
sleep/wake cycles during the first few years of life. During the first year of life, daytime sleep
decreases, while total wake time increases (1). Additionally, total night time sleep and the length of
the longest night time sleep period increase during the first 12months of life (1). Although sleep
continues to consolidate during the second year of life, sleep schedules (e.g., sleep duration) do
not change significantly during this time (2). On average, sleep problems tend to decline from
age four through mid-adolescence. However, individual differences persist and remain stable,
such that those who have more sleep problems at age four also have more sleep problems during
mid-adolescence (3).
Sleep in infancy has been associated with cognitive (4), physical (5), psychomotor (6), and
temperament development (7) in early childhood. Sleep has also been shown to impact behavior
and mood in typically developing children and adolescents (8). For example, diurnal sleep duration
has been inversely correlated with emotional regulation in infancy (7), and self-reported sleepiness
during adolescence has been associatedwithmore anxiety, depression, and perceived negative health
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(9). Sleep duration has also been shown to moderate the associa-
tion between maternal sensitivity and internalizing/externalizing
symptoms in early childhood, such that maternal sensitivity is
associated with less internalizing/externalizing symptoms in chil-
drenwho sleepmore and unrelated in childrenwho sleep less (10).
Moreover, short sleep durations have been associated with more
attention and externalizing problems, while irregularity in sleep
duration has been associated with more internalizing problems in
8-year-old children (11). Additionally, sleep problems have been
positively correlated with both increased conduct problems (12)
and increased symptoms of anxiety/depression (3) in children and
adolescents.
Generally, children diagnosed with psychological disorders
experience more sleep problems than their typically develop-
ing peers (13). For example, preschool children diagnosed with
autism spectrum disorder (ASD) (14), a disorder characterized
by symptoms of social-communication deficits and stereotyped
patterns of behavior ranging from low to high severity level (15,
16), have been shown to sleep less and have more variability in
their sleep-wake cycles than typically developing children (17).
Similarly, school-aged children diagnosed with attention deficit
hyperactivity disorder (ADHD) experience more sleep impair-
ments and variability in their sleep-wake cycles than do typ-
ically developing children (18, 19). While children diagnosed
with a psychological disorder experience greater sleep difficulties
than their typically developing peers, children diagnosed with
comorbid conditions (e.g., ADHD/anxiety or ADHD/depression)
experience even greater sleep difficulties than children diag-
nosed with a single condition (e.g., ADHD) (20). Likewise,
the severity of sleep disturbances has been associated with
the severity of psychopathology in adolescents, such that ado-
lescents with multiple psychiatric disorders have more sleep
problems compared to adolescents with only one psychiatric
disorder (21).
Although many studies have investigated the association
between sleep and psychological functioning in healthy and clin-
ical samples, few studies have investigated the longitudinal rela-
tionship between these two constructs in early life. From these
limited number of longitudinal studies, we know that parental
reports of disrupted sleep patterns predict less optimal adjust-
ment in preschool (22). Previous research also indicates that
approximately one in four children with severe sleep problems
in infancy, as measured by parental reports, will meet criteria
for a diagnosis of ADHD at age 5 (23). This is consistent with
other research which considers snoring, a specific type of sleep
problem, in early infancy to be a risk factor for hyperactive behav-
ior during toddlerhood (24). Furthermore, parent reported sleep
problems at age four have also been shown to significantly predict
more depression/anxiety, inattention/overactivity, and aggression
in mid-adolescence (3).
Parents are typically not able to monitor infant sleep
continuously throughout the night. Therefore, it is not surprising
that parental reports of sleep patterns are often unreliable and
non-specific (25–27). In contrast, actigraphy has been shown
to be a valid and reliable measure of sleep when compared to
polysomnography, the gold standard for sleep measurement (28,
29). The goal of the current study was to examine the relationship
between sleep in infancy and social-emotional problems in
toddlers using actigraphy. We hypothesized that decreased
sleep duration and decreased sleep efficiency in infancy would
be predictive of increased social-emotional problems during
toddlerhood.
Materials and Methods
Participants
Participants included 47 children (29 males and 18 females) who
took part in a longitudinal study investigating sex-linked behavior.
For more information on the sample, please refer to the fol-
lowing articles (30–35). Signed informed consent was obtained
from all parents prior to participation in the study. The Institu-
tional Review Board (IRB) Human Subjects Committee approved
procedures described in this paper.
Measures
Sleep Measures
As sleep duration and sleep efficiency undergo rapid changes
in the first year of life, to limit any confounding effects of
age, we restricted our measurement of sleep to 3 to 4months
(M= 3.88months, SD= 0.64months). Infants’ sleep patterns
were recorded for five consecutive days using actigraphs (Mini
Mitter Actiwatch, AW64; Phillips Respironics, Bend, Oregon),
small accelerometers that can be attached to the body and pro-
vide direct recordings of movements. In this technology, activity
counts based on movement are generated for a specified epoch
length, and each epoch is assessed as sleep or wake based on
whether or not it exceeds an activity threshold. Themanufacturer’s
algorithm was set at a threshold of medium sensitivity (activ-
ity score of 40), and 30-s epoch lengths were used to calculate
data across the 5 days. Study outcome variables included sleep
duration (defined in minutes of the sleep period that were spent
sleeping) and sleep efficiency (defined as the percentage of the
sleep period that was spent sleeping), key variables that have
been investigated in previous research, and have been shown to
correlate strongly andmoderately, respectively, with polysomnog-
raphy (36–38). The small watch-like actigraphs were placed on
infants’ legs and removed at the end of the 5-day assessment
period.
Social-Emotional Problems
At 18 to 24months (M= 19.82months, SD= 2.07months), par-
ents completed the Brief Infant-Toddler Social and Emotional
Assessment, which requires a fourth- to sixth-grade reading level
and takes approximately 7min to complete. The Brief Infant-
Toddler Social and Emotional Assessment has high internal con-
sistency, inter-rater reliability, test-retest reliability, and predictive
validity (39). The 42-item questionnaire yields four subscales
measuring externalizing problems (i.e., scores ranging from 0 to
12), internalizing problems (i.e., scores ranging from 0 to 16),
dysregulation problems (i.e., scores ranging from 0 to 16), and
autism spectrum behaviors (i.e., scores ranging from 0 to 17)
(40). Data from these four subscales were previously examined in
relation to hormone factors (35).
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Results
Sex Differences
A one-way ANOVA was conducted to determine if there was
a significant difference between boys and girls in our vari-
ables of interest. No significant sex differences were noted
in sleep duration (boys: M= 473.14min, SD= 132.39min vs.
girls: M= 516.22min, SD= 113.98min, d= 0.35) or sleep effi-
ciency (boys:M= 93.14, SD= 2.90 vs. girls:M= 92.11, SD= 2.82,
d= 0.36), F(1,45)= 1.30, 1.42, respectively. With regard to social-
emotional problems, there was a trend for boys to have more
externalizing problems than girls (boys: M= 2.48, SD= 1.43
vs. girls: M= 1.67, SD= 1.37, d= 0.58), F(1,45)= 3.73, p= 0.06.
However, internalizing problems (boys: M= 1.69, SD= 1.31
vs. girls: M= 1.56, SD= 1.34, d= 0.10), dysregulation prob-
lems (boys: M= 2.48, SD= 1.68 vs. girls: M= 3.17, SD= 2.33,
d= 0.34), and autism spectrum behaviors (boys: M= 3.41,
SD= 1.52 vs. girls:M= 3.89, SD= 2.80, d= 0.21) were not signif-
icantly different between boys and girls, F(1,45)= 0.74, 0.25, 0.46,
respectively (41).
Correlations
Pearson Product Moment correlations were conducted to explore
the association among sleep measures between boys and girls
separately. In boys, the correlation between sleep duration and
sleep efficiency approached significance, r (27)= 0.35, p= 0.06,
such that boys who had longer sleep durations also had lower sleep
efficiency. In girls, the correlation between sleepmeasures was not
significant, r (16)= 0.01, p> 0.05.
Regressions
To determine if sleep duration and sleep efficiency at 3months
significantly predicted social-emotional problems in toddlers, a
simultaneous regression was conducted for externalizing prob-
lems, internalizing problems, dysregulation problems, and autism
spectrum behaviors with both sleep efficiency and sleep duration
as predictors. As recommended by previous researchers (42),
regressions were conducted for boys and girls separately.
The regressions used to predict externalizing problems
[F (2, 26)= 0.22, p> 0.05, R2= 0.02], internalizing problems [F
(2, 26)= 1.22, p> 0.05, R2= 0.09], dysregulation problems [F (2,
26)= 0.19, p> 0.05, R2= 0.02], and autism spectrum behaviors
[F (2, 26)= 0.40, p> 0.05, R2= 0.03] in boys were not significant
and no main effects emerged (Table 1).
The overall regression used to predict externalizing prob-
lems in girls was not significant, F (2, 15)= 2.73, p= 0.098,
R2= 0.27. However, of the predictors investigated, sleep dura-
tion was approaching significance as a predictor of externalizing
problems, β= 0.46, t (15)= 2.06, p= 0.058 (Table 2). That is,
after controlling for sleep efficiency, a 1-min decrease in sleep
duration resulted in a 0.005 point predicted increase in a child’s
externalizing problems score. The regressions used to predict
internalizing problems [F (2, 15)= 0.69, p> 0.05, R2= 0.09] and
dysregulation problems [F (2, 15)= 0.95, p> 0.05,R2= 0.11]were
also not significant, and no main effects emerged. Lastly, the
regression used to predict autism spectrum behaviors in girls was
not significant, F (2, 15)= 2.6, p> 0.05,R2= 0.51. However, of the
predictors investigated, sleep duration was a significant predictor
of autism spectrumbehaviors,β= 0.48, t (15)= 2.14, p< 0.05.
That is, after controlling for sleep efficiency, a 1-min decrease
TABLE 1 | Summary of simultaneous multiple regressions with sleep duration and sleep efficiency predicting externalizing problems, internalizing
problems, dysregulation problems, and autism spectrum behaviors in boys.
Externalizing
problems (n= 29)a
Internalizing
problems (n= 29)b
Dysregulation
problems (n= 29)c
Autism spectrum
behaviors (n= 29)d
B SE β B SE β B SE β B SE β
Sleep duration 0.00 0.00 0.05 0.00 0.00 0.28  0.00 0.00  0.11 0.00 0.00 0.09
Sleep efficiency  0.05 0.10  0.10 0.11 0.09 0.23  0.06 0.12  0.10  0.06 0.11  0.12
aR2=0.02, F (2, 26)=0.22, p> 0.05.
bR2=0.09, F (2, 26)=1.22, p>0.05.
cR2=0.02, F (2, 26)=0.19, p> 0.05.
dR2=0.03, F (2, 26)=0.40, p>0.05.
*p<0.05.
TABLE 2 |Summary of simultaneousmultiple regressionswith sleep duration and sleep efficiency predicting externalizing problems, internalizing problems,
dysregulation problems, and autism spectrum behaviors in girls.
Externalizing
problems (n= 18)a
Internalizing
problems (n=18)b
Dysregulation
problems (n= 18)c
Autism spectrum
behaviors (n= 18)d
B SE β B SE β B SE β B SE β
Sleep duration  0.01 0.00  0.46  0.00 0.00  0.14 0.00 0.01 0.07  0.01 0.01  0.48*
Sleep efficiency  0.12 0.11  0.25  0.12 0.12  0.26 0.27 0.20 0.33 0.17 0.22 0.17
aR2=0.27, F (2, 15)=2.73, p> 0.05.
bR2=0.09, F (2, 15)=0.69, p>0.05.
cR2=0.11, F (2, 15)=0.95, p> 0.05.
dR2=0.51, F (2, 15)=2.6, p>0.05.
*p<0.05.
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in sleep duration resulted in a 0.01 point predicted increase in a
child’s autism spectrum behaviors score.
Discussion
In this research, less sleep duration in infant girls across a period of
5 days was predictive of higher ASD scores on the BITSEA in tod-
dlerhood. To our knowledge, these findings are the first to show
a longitudinal relationship between sleep in infancy and ASD
symptomatology in early childhood. Our data are also consistent
with previous research showing that fewer hours of sleep per
night, measured via parental report, exacerbate ASD symptoms
in a sample of mostly male school-aged children (43). However, a
positive relationship between sleep deficits and subclinical levels
of behaviors associated with ASD was not found in boys in this
investigation. This suggests that sleep/wake cycles in infancy may
be differentially related to later social-emotional problems in girls
and boys, a possibility that may inform understandings of sex
differences in the development of ASD.
Autism spectrum disorder has a large comorbidity with other
conditions, including sleeping problems (44, 45). In addition, chil-
dren with ASD have higher rates of sleep problems than typically
developing children (46, 47), with prevalence rates of sleeping
problems in children with ASD typically ranging from 41 to 86%
(48, 49). Our research showing less sleep in infancy is predictive
of higher scores on measure of ASD symptoms suggests it may
be useful to monitor the sleep of infants who are at risk for ASD
and intervene when indicated. Others have speculated that sleep
deprivation in early adulthood may cause long-term maladaptive
changes in brain systems related to emotional reactions (e.g.,
frontal lobe, amygdala) (50). If so, the rapid brain development in
infancy (51) may increase vulnerability to sleep deficits. Notably,
behavioral interventions have been shown to improve sleep in
typically developing children (52), as well as children with ASD
(47). Melatonin has also been shown to improve sleep in typically
developing children (53) and children with ASD (54, 55). There-
fore, behavioral and pharmacological interventions may emerge
as potential interventions in those at high risk for sleep problems
in infancy and thereby reduce risk for social-emotional problems
in childhood.
We also found a tendency for shorter sleep durations to predict
higher levels of externalizing symptoms in girls at 18months of
age. This finding is noteworthy given that actigraphy measures of
sleep duration in 5-year-olds have been negatively correlated with
externalizing problems (e.g., aggression) (36), whereas parental
reports of sleep have not (56). Other research showing parental
reports of sleep patterns in typically developing children and
children with psychological disorders (e.g., ASD, ADHD) are not
frequently associatedwith actigraphymeasured sleep patterns (27,
57–59), suggesting it may be informative to include actigraphy in
future research on sleep and childhood psychopathology.
The use of a non-clinical sample limits the generalizability
of results to children with clinically significant social-emotional
problems. However, given an increasing recognition that many
psychological disorders are extreme presentations of typical
behavior (15), our findings may add to our understanding of the
development of these symptoms at the low severity end of the
diagnostic spectrums. Our study also utilized a brief screening
questionnaire, intended to identify individuals who may be at-
risk for developing problems in specific domains in the future.
Although this measure has excellent predictive validity (60), it
provides measures of symptoms characteristic of broad social-
emotional problems (e.g., externalizing problems, internalizing
problems, dysregulation problems, and autism spectrum behav-
iors). For that reason, it will be important to replicate our results in
future research using high risk cohorts and information frommul-
tiple informants (e.g., self-report, parent-report, teacher-report,
etc.) andmultiple formats (e.g., clinical interviews, questionnaires,
observations, etc.).
Author Contributions
JS drafted the manuscript. All coauthors contributed to data anal-
yses, interpretation of results, and revision ofmanuscript for intel-
lectual content. The final version of the manuscript was approved
by all coauthors. JS agreed to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved.
Acknowledgments
This work was supported by National Science Foundation Grant
BCS-0618411 (GA). We thank Dr. Teresa Wilcox and members
of the Infant Cognition Lab for assistance in the recruitment of
participants. The open access publishing fees for this article have
been covered by the Texas A&M University Online Access to
Knowledge (OAK) Fund, supported by the University Libraries
and the Office of the Vice President for Research.
References
1. So K, Adamson TM, Horne RSC. The use of actigraphy for assessment of the
development of sleep/wake patterns in infants during the first 12 months of life.
J Sleep Res (2007) 16(2):181–7. doi:10.1111/j.1365-2869.2007.00582.x
2. Scher A. Continuity and change in infants’ sleep from 8 to 14 months: a
longitudinal actigraphy study. Infant Behav Dev (2012) 35(4):870–5. doi:10.
1016/j.infbeh.2012.07.013
3. Gregory AM, O’Connor TG. Sleep problems in childhood: a longitudi-
nal study of developmental change and association with behavioral prob-
lems. J Am Acad Child Adolesc Psychiatry (2002) 41(8):964–71. doi:10.1097/
00004583-200208000-00015
4. Scher A. Infant sleep at 10months of age as a window to cognitive development.
Early Hum Dev (2005) 81(3):289–92. doi:10.1016/j.earlhumdev.2004.07.005
5. Tikotzky L, DeMarcas G, Har-Toov J, Dollberg S, Bar-HaimY, Sadeh AVI. Sleep
and physical growth in infants during the first 6 months. J Sleep Res (2010)
19(1–Pt–I):103–10. doi:10.1111/j.1365-2869.2009.00772.x
6. Ednick M, Cohen AP, McPhail GL, Beebe D, Simakajornboon N, Amin RS.
A review of the effects of sleep during the first year of life on cognitive,
psychomotor, and temperament development. Sleep (2009) 32(11):1449–58.
7. Spruyt K, Aitken RJ, So K, CharltonM, Adamson TM,Horne RSC. Relationship
between sleep/wake patterns, temperament and overall development in term
infants over the first year of life. Early Hum Dev (2008) 84(5):289–96. doi:10.
1016/j.earlhumdev.2007.07.002
8. Fallone G, Owens JA, Deane J. Sleepiness in children and adolescents: clinical
implications. Sleep Med Rev (2002) 6(4):287–306. doi:10.1053/smrv.2001.0192
9. Moore M, Kirchner L, Drotar D, Johnson N, Rosen C, Ancoli-Israel
S, et al. Relationships among sleepiness, sleep time, and psychological
Frontiers in Pediatrics | www.frontiersin.org May 2015 | Volume 3 | Article 424
Saenz et al. Sleep and social-emotional problems
functioning in adolescents. J Pediatr Psychol (2009) 34(10):1175. doi:10.1093/
jpepsy/jsp039
10. Bordeleau S, Bernier A, Carrier J. Maternal sensitivity and children’s behavior
problems: examining the moderating role of infant sleep duration. J Clin Child
Adolesc Psychol (2012) 41(4):471–81. doi:10.1080/15374416.2012.686101
11. Pesonen A-K, Räikkönen K, Paavonen EJ, Heinonen K, Komsi N, Lahti J,
et al. Sleep duration and regularity are associated with behavioral problems
in 8-year-old children. Int J Behav Med (2010) 17(4):298–305. doi:10.1007/
s12529-009-9065-1
12. Chervin RD, Dillon JE, Kristen Hedger A, Ruzicka DL. Conduct problems and
symptoms of sleep disorders in children. J Am Acad Child Adolesc Psychiatry
(2003) 42(2):201–8. doi:10.1097/00004583-200302000-00014
13. Hatzinger M, Brand S, Perren S, von Wyl A, Stadelmann S, von Klitzing K,
et al. Pre-schoolers suffering from psychiatric disorders show increased cortisol
secretion and poor sleep compared to healthy controls. J Psychiatr Res (2012)
46(5):590–9. doi:10.1016/j.jpsychires.2012.01.018
14. Karabekiroglu K, Rodopman-Arman A, Ay P, Ozkesen M, Akbas S, Tasdemir
GN, et al. The reliability and validity of the Turkish version of the brief
infant – toddler social emotional assessment (BITSEA). Infant BehavDev (2009)
32(3):291–7. doi:10.1016/j.infbeh.2009.03.003
15. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. Arlington, VA: American Psychiatric Publishing (2013).
16. Landa R, Goldberg M. Language, social, and executive functions in high
functioning autism: a continuum of performance. J Autism Dev Disord (2005)
35(5):557–73. doi:10.1007/s10803-005-0001-1
17. Anders TF, Iosif A-M, Schwichtenberg AJ, Tang K, Goodlin-Jones BL. Six-
month sleep-wake organization and stability in preschool-age children with
autism, developmental delay, and typical development. Behav Sleep Med (2011)
9(2):92–106. doi:10.1080/15402002.2011.557991
18. Gruber R, Sadeh A, Raviv A. Instability of sleep patterns in children with
attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry
(2000) 39(4):495–501. doi:10.1097/00004583-200004000-00019
19. Cortese S, Faraone SV, Konofal E, Lecendreux M. Sleep in children with
attention-deficit/hyperactivity disorder: meta-analysis of subjective and objec-
tive studies. J Am Acad Child Adolesc Psychiatry (2009) 48(9):894–908. doi:10.
1097/CHI.0b013e3181ac09c9
20. Accardo JA, Marcus CL, Leonard MB, Shults J, Meltzer LJ. Maternal sensitivity
and children’s behavior problems: examining themoderating role of infant sleep
duration. J Clin Child Adolesc Psychol (2012) 41(4):471. doi:10.1080/15374416.
2012.686101
21. Shahid A, Khairandish A, Gladanac B, Shapiro C. Peeking into the minds
of troubled adolescents: the utility of polysomnography sleep studies in an
inpatient psychiatric unit. J Affect Disord (2012) 139(1):66–74. doi:10.1016/j.
jad.2012.01.034
22. Bates JE, Viken RJ, Alexander DB, Beyers J, Stockton L. Sleep and adjustment
in preschool children: sleep diary reports by mothers relate to behavior reports
by teachers. Child Dev (2002) 73(1):62–74. doi:10.2307/3696431
23. Thunström M. Severe sleep problems in infancy associated with subsequent
development of attention-deficit/hyperactivity disorder at 5.5 years of age. Acta
Paediatr (2002) 91(5):584–92. doi:10.1111/j.1651-2227.2002.tb03281.x
24. Chervin RD, Ruzicka DL, Archbold KH, Dillon JE. Snoring predicts hyperac-
tivity four years later. Sleep (2005) 28(7):885–90.
25. Holley S, Hill CM, Stevenson J. A comparison of actigraphy and parental report
of sleep habits in typically developing children aged 6 to 11 years. Behav Sleep
Med (2010) 8(1):16–27. doi:10.1080/15402000903425462
26. Sadeh A. Commentary: comparing actigraphy and parental report as measures
of children’s sleep. J Pediatr Psychol (2008) 33(4):406–7. doi:10.1093/jpepsy/
jsn018
27. Wiggs L, Montgomery P, Stores G. Actigraphic and parent reports of sleep
patterns and sleep disorders in children with subtypes of attention-deficit
hyperactivity disorder. Sleep (2005) 28(11):1437–45.
28. So K, Buckley P, Adamson TM, Horne RSC. Actigraphy correctly predicts
sleep behavior in infants who are younger than six months, when compared
with polysomnography. Pediatr Res (2005) 58(4):761–5. doi:10.1203/01.PDR.
0000180568.97221.56
29. de Souza L, Benedito-Silva AA, Pires MLN, Poyares D, Tufik S, Calil HM.
Further validation of actigraphy for sleep studies. Sleep (2003) 26(1):81–5.
30. Alexander GM, Saenz J. Postnatal testosterone levels and temperament in early
infancy.Arch Sex Behav (2011) 40(6):1287–92. doi:10.1007/s10508-010-9701-5
31. Alexander GM, Saenz J. Early androgens, activity levels and toy choices of
children in the second year of life.HormBehav (2012) 62(4):500–4. doi:10.1016/
j.yhbeh.2012.08.008
32. Alexander GM, Wilcox T, Farmer ME. Hormone-behavior associations in
early infancy. Horm Behav (2009) 56(5):498–502. doi:10.1016/j.yhbeh.2009.08.
003
33. Alexander GM,Wilcox T, Woods R. Sex differences in infants’ visual interest in
toys. Arch Sex Behav (2009) 38(3):427–33. doi:10.1007/s10508-008-9430-1
34. Saenz J, Alexander GM. Digit ratios (2D:4D), postnatal testosterone and eye
contact in toddlers. Biol Psychol (2013) 94(1):106–8. doi:10.1016/j.biopsycho.
2013.05.010
35. Saenz J, Alexander GM. Postnatal testosterone levels and disorder relevant
behavior in the second year of life. Biol Psychol (2013) 94(1):152–9. doi:10.1016/
j.biopsycho.2013.05.011
36. Sheridan A, Murray L, Cooper PJ, Evangeli M, Byram V, Halligan SL. A
longitudinal study of child sleep in high and low risk families: relationship to
earlymaternal settling strategies and child psychological functioning. SleepMed
(2013) 14(3):266–73. doi:10.1016/j.sleep.2012.11.006
37. Meltzer LJ, Montgomery-Downs HE, Insana SP, Walsh CM. Use of actigraphy
for assessment in pediatric sleep research. Sleep Med Rev (2012) 16(5):463–75.
doi:10.1016/j.smrv.2011.10.002
38. Weiss AR, Johnson NL, Berger NA, Redline S. Validity of activity-based devices
to estimate sleep. J Clin Sleep Med (2010) 6(4):336.
39. Karabekiroglu K, Briggs-Gowan MJ, Carter AS, Rodopman-Arman A, Akbas
S. The clinical validity and reliability of the brief infant – toddler social and
emotional assessment (BITSEA). Infant Behav Dev (2010) 33(4):503–9. doi:10.
1016/j.infbeh.2010.07.001
40. Briggs-Gowan MJ, Carter AS. Brief Infant-Toddler Social and Emotional Assess-
ment (BITSEA) Manual, Version 2.0. New Haven, CT: Yale University (2002).
41. Cohen J. Statistical power analysis. Curr Dir Psychol Sci (1992) 1(3):98–101.
doi:10.1111/1467-8721.ep10768783
42. ConstantinescuM,HinesM. Relating prenatal testosterone exposure to postna-
tal behavior in typically developing children: methods and findings. Child Dev
Perspect (2012) 6(4):407–13. doi:10.1111/j.1750-8606.2012.00257.x
43. Schreck KA, Mulick JA, Smith AF. Sleep problems as possible predictors of
intensified symptoms of autism. Res Dev Disabil (2004) 25(1):57–66. doi:10.
1016/j.ridd.2003.04.007
44. Mannion A, Leader G, Healy O. An investigation of comorbid psychological
disorders, sleep problems, gastrointestinal symptoms and epilepsy in children
and adolescents with autism spectrumdisorder.ResAutism Spectr Disord (2013)
7(1):35–42. doi:10.1016/j.rasd.2013.10.002
45. Jeste SS. The neurology of autism spectrum disorders. Curr Opin Neurol (2011)
24(2):132–9. doi:10.1097/WCO.0b013e3283446450
46. Cortesi F, Giannotti F, Ivanenko A, Johnson K. Sleep in children with autis-
tic spectrum disorder. SleepMed (2010) 11(7):659–64. doi:10.1016/j.sleep.2010.
01.010
47. Kotagal S, Broomall E. Sleep in children with autism spectrum disorder. Pediatr
Neurol (2012) 47(4):242–51. doi:10.1016/j.pediatrneurol.2012.05.007
48. Liu X, Hubbard JA, Fabes RA, Adam JB. Sleep disturbances and correlates of
children with autism spectrum disorders. Child Psychiatry Hum Dev (2006)
37(2):179–91. doi:10.1007/s10578-006-0028-3
49. Goodlin-Jones B, Tang K, Liu J, Anders T. Sleep patterns in preschool-
age children with autism, developmental delay, and typical development.
J Am Acad Child Adolesc Psychiatry (2008) 47(8):930. doi:10.1097/CHI.
ObO13e3181799f7c
50. Yoo S-S, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional
brain without sleep – a prefrontal amygdala disconnect. Curr Biol (2007)
17(20):R877–8. doi:10.1016/j.cub.2007.08.007
51. Gao W, Alcauter S, Smith JK, Gilmore JH, Lin W. Development of human
brain cortical network architecture during infancy. Brain Struct Funct (2015)
220(2):1173–86. doi:10.1007/s00429-014-0710-3
52. Beebe DW. A brief primer on sleep for pediatric and child clinical neuropsy-
chologists. Child Neuropsychol (2011) 18(4):313–38. doi:10.1080/09297049.
2011.602014
53. Smits MG, van Stel HF, van der Heijden K, Meijer AM, Coenen AM,
Kerkhof GA. Melatonin improves health status and sleep in children with idio-
pathic chronic sleep-onset insomnia: a randomized placebo-controlled trial.
J Am Acad Child Adolesc Psychiatry (2003) 42(11):1286–93. doi:10.1097/01.chi.
0000085756.71002.86
Frontiers in Pediatrics | www.frontiersin.org May 2015 | Volume 3 | Article 425
Saenz et al. Sleep and social-emotional problems
54. Paavonen EJ, Nieminen-von Wendt T, Vanhala R, Aronen ET, von Wendt L.
Effectiveness of melatonin in the treatment of sleep disturbances in children
with Asperger disorder. J Child Adolesc Psychopharmacol (2003) 13(1):83–95.
doi:10.1089/104454603321666225
55. Garstang J, Wallis M. Randomized controlled trial of melatonin for children
with autistic spectrum disorders and sleep problems. Child Care Health Dev
(2006) 32(5):585–9. doi:10.1111/j.1365-2214.2006.00616.x
56. Price AMH,WakeM,UkoumunneOC,HiscockH.Outcomes at six years of age
for children with infant sleep problems: longitudinal community-based study.
Sleep Med (2012) 13(8):991–8. doi:10.1016/j.sleep.2012.04.014
57. Anders SMV,Hampson E. Testing the prenatal androgen hypothesis: measuring
digit ratios, sexual orientation, and spatial abilities in adults.HormBehav (2005)
47(1):92–8. doi:10.1016/j.yhbeh.2004.09.003
58. Goodlin-Jones BL, Schwichtenberg AJ, Iosif A-M, Tang K, Liu J, Anders TF.
Six-month persistence of sleep problems in young children with autism, devel-
opmental delay, and typical development. J Am Acad Child Adolesc Psychiatry
(2009) 48(8):847. doi:10.1097/CHI.0b013e3181a8135a
59. Hodge D, Parnell AMN,Hoffman CD, Sweeney DP.Methods for assessing sleep
in children with autism spectrum disorders: a review. Res Autism Spectr Disord
(2012) 6(4):1337–44. doi:10.1016/j.rasd.2012.05.009
60. Hungerford GM, Garcia D, Bagner DM. Psychometric evaluation of the brief
infant-toddler social and emotional assessment (bitsea) in a predominately
hispanic, low-income sample. J Psychopathol Behav Assess (2015). doi:10.1007/
s10862-015-9478-x
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2015 Saenz, Yaugher and Alexander. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Pediatrics | www.frontiersin.org May 2015 | Volume 3 | Article 426
